Abstract -Pollinator biodiversity on Ecballium elaterium (L.) A. Richard was studied for 2 years at 2 sites in southern France. Six families, 15 genera, and 43 species of bees were collected from the flowers, and 33 bee species carried Ecballium pollen in their scopae. The numerically dominant species were Lasioglossum malachurum (Kirby), the honey bee, Apis mellifera L., and Ceratina cyanea (Kirby). Few pollinators were observed in 1997 due to a drought. In 1996, mean forager density was slightly over one bee per 100 flowers throughout the flowering period. Most visitors (98%) were female bees which foraged for both pollen and nectar. Most visits (97%) were to staminate flowers and visitation to pistillate flowers was by deceit since these are nectarless. Behavior of nectar foragers on staminate flowers differed according to body size. Large bees foraged for nectar mostly in the afternoon after nectar sugar concentrations reached high values while smaller bees foraged for nectar throughout the day.
INTRODUCTION
The importance of pollinator diversity in different ecosystems has become an issue of interest in the past few years (Buchmann and Nabham, 1996; Kevan et al., 1997; Frankie et al., 1997; Allen et al., 1998; Kevan, 1999;  Council for Agriculture Science and Technology, 1999) . These works have stressed the general lack of detailed information on ecosystem pollinator biodiversity, the importance of pollination in both natural and crop ecosystems and the necessity to know and preserve the biodiversity of pollinators in any ecosystem management planning.
Recently, there has been an increase in pollinator diversity studies in the Mediterranean region on both individual plant species (Herrera, 1989; Bosch, 1992; Affre and Thompson, 1997; Talavera et al., 2001 ) and regional assemblages of plants (Herrera C.M., 1987 (Herrera C.M., , 1988 (Herrera C.M., , 1992 (Herrera C.M., , 1993 (Herrera C.M., , 1996 Herrera J., 1988; Petanidou and Vokou, 1990; Dafni et al., 1990; Petanidou and Smets, 1995; PottsSimon et al., 2001) . These reports have focused on both the natural history of pollinator systems and analyses of regional floras and the relationship between pollination and floral adaptations.
The purpose of our research is to present new information on the diversity of anthophilous foragers, their resource utilization and seasonal and daily visitation patterns to Ecballium elaterium (L.) A. Richard (Cucurbitaceae) in the 30 R.W. Rust et al. Mediterranean region. Ecballium elaterium (spitting cucumber, squirting cucumber) is a monotypic species of cucurbit restricted to the Mediterranean Basin. It is a procumbent herbaceous perennial that is monoecious through most of its range (Tutin et al., 1968) but with dioecious individuals in northern Africa and southern Spain and Portugal (Costich and Meagher, 1992) . It occurs in small populations (50-100 individuals) found in sandy or stony ground near the sea and as a ruderal in disturbed habitats like roadsides, canal embankments, garbage dumps, abandoned lots, and near cultivation. Flowering begins in April and may last until December with peak flowering between May and August (Fhan and Shimony, 2001) . Seed dispersal from the fruit is by explosive dehiscence (McLean and IvimelyCook, 1956 ). Cells in the walls of the fruit are under compression from high osmotic pressure. They expand very rapidly when the mature fruit is loosened from the connection with the pedicel and the seeds are shot out of the basal opening (McLean and Ivimely-Cook, 1956) . Ecballium is of interest today because of its historical and renewed use in Mediterranean countries as a medicinal plant (Jodral et al., 1990) , its anti-insect compounds (PascualVillalobos and Robledo, 1999) and also as a reservoir for viruses that infect cucurbitaceous crops (Ben et al., 1996) . It is also of interest to pollination biologists because its pistillate flowers offer neither nectar nor pollen and are pollinated solely by deceit.
MATERIALS AND METHODS

Study sites
The density of Ecballium flowers was measured biweekly from June through September in four (1996) and five (1997) populations 4 km northwest of Port-Saint-Louis-du-Rhône (PSL), Bouches-duRhône, and in one population in June and August (1996) at Caumont-sur-Durance (CSD), Vaucluse, . PSL site was considered a natural site in the Camargue area of the Rhône River delta (Harant and Jarry, 1963; Molinier and Devaux, 1978; Martin, 1997 
Forager density and behavior
Foragers were counted hourly in 100 staminate and/or pistillate Ecballium flowers per population during the weekly sampling periods beginning in July 1996. In 1997, there were too few foragers to measure the density per 100 flowers throughout any part of the blooming period due to the reduced flowering caused by the limited precipitation throughout the growing season. In 1996, the mean monthly precipitation at PSL for the eight months of January through August was 65±69 mm (high 209.5 in January, low 4.3 in May) and in 1997 the average was only 30±38 mm (high 91.5 in June and low 0.0 in March with February, April, May and July with less than 15 mm) (Météo-France 2001 -Données Climatologiques Départementales, Bouches du Rhône, Port-Saint-Louis-du-Rhône).
Forager collections and resource utilization
Visitors to both staminate and pistillate Ecballium flowers were collected throughout the day from sunrise to sunset. Individuals were stored in glass vials with time and date of collection, chilled on ice and examined for pollen and sampled for nectar. All were preserved for identification. The presence of Ecballium pollen was confirmed by microscopic examination. Nomenclature is based on Westrich (1989) for pollinator, oligolecty and polylecty. Flower handling time and travel time between Ecballium flowers were measured in 1996 by recording individual visitations with a hand-held tape recorder and transcribing tape time to seconds. A bee observed foraging in a flower was recorded from the time it left the flower until it flew from the patch or was lost from sight. Individual bee foraging trips to three or more flowers were used in the analysis.
Nectar production and nectar foraging
Nectar production was measured on bagged pistillate and staminate flowers at both PSL and CSD sites. Flowers were bagged at dawn before insect foraging and sampled hourly throughout the day. Nectar from bagged flowers was extracted with 10-mL micropipets and the volume was calculated from the length of the column in the micropipet. The sugar concentration in total dissolved solids was measured with a portable refractometer (Bellingham and Stanley, Tunbridge Wells, UK). Flower nectar sugar content was determined using Cruden and Hermann (1983) correction of total dissolved solids. Foraging insects were collected from both staminate and pistillate flowers and individuals were placed in individual vials as described above. Individuals were removed from cold storage and briefly gassed with carbon dioxide and any nectar stored in the crop was collected with 10-mL micropipets. If the stored nectar was not visible after the carbon dioxide treatment, the specimen's abdomen was gently squeezed until the crop content was extruded. Volume and total dissolved solids were measured as described for the floral nectar. We followed Vaissière et al. (1996) for identification of forager nectar source. Forager crop content whose concentration was within ±5% of that of the total dissolved solids of bagged flower nectar at the time of collection was considered Ecballium nectar.
Statistical analysis
Normal-theory statistical analysis was used on continuous variables by applying standard analysis of variance (ANOVA) procedures (Sokal and Rohlf, 1995) . Volume of nectar per flower and per forager were analyzed after a log transformation with 1 added to null values (Sokal and Rohlf, 1995) . Flower handling time and travel time to next flower were analyzed after a log transformation (Schaffer and Schaffer, 1979; Schaffer et al., 1983) . Two-factor ANOVA was used to analyze mean flower handling times and travel times to the next flower among pollinators. Regression analysis was applied to forager flower visitation time in seconds to the time of day in decimal hours (Sokal and Rohlf, 1995) . Normality of the seasonal distribution flowers was tested with Kolmogorov-Smirnov (Sokal and Rohlf, 1995) . Chi-square analysis was used to compare bee visitation to pistillate flowers to the number of pistillate flowers present in the flower population. The means are given ±1 SD and in all cases the significant probability was computed.
Specimens from this study are deposited at two locations: Laboratoire de Pollinisation Entomophile, INRA, Avignon, France and R.M. Bohart Museum, University of California, Davis, California, USA. The unidentified specimens of Colletes and duplicates of several bee species are in the Paul Westrich collection in Kusterdingen, Germany.
RESULTS
Flower density
Mean flower density in the PSL populations in 1996 was 7.5±8.6 flowers/m 2 with 5.9±6.9 staminate flowers and 1.6±1.9 pistillate flowers/m 2 ( 
Nectar production
Bagged pistillate flowers produced no nectar. Nectar production in bagged staminate flowers began after sunrise with a rapid increase between 08:00 to 10:00 GMT and then leveled off. The mean total dissolved solids (g/g) were significantly different between PSL and CSD (F = 15.2, df = 1, 61, P £ 0.0001; PSL -0.28±0.16 and CSD -0.46±0.19) as was the mean volume of nectar (mL/flower) (F = 11.2, df = 1, 73, P = 0.001; PSL -0.65±0.53 and CSD -0.31±0.27). However, the mean sugar content was not significantly different (PSL -0.17±0.09 g and CSD -0.14±0.13 g, P = 0.27).
Foragers
Six families, 15 genera and 43 species of bees representing 852 individuals were collected from Ecballium flowers (Tab. I). Very few 32 R.W. Rust et al. Table I . Bee foragers on Ecballium elaterium for 1996 and 1997 in Caumont-sur-Durance and Port-SaintLouis, France (Y = Ecballium pollen present in scopae of at least one individual, N = no Ecballium pollen in scopae; f = female, m = male). 
male bees (21) were obtained. Thirty-thre. e of the species carried Ecballium pollen in their scopae and are defined as pollinators. Eleven species were represented by one-individual and four of the one-individual species carried no Ecballium pollen and are considered flower visitors. Ten of the one-individual species were from CSD. Nine species were collected from both sites and all carried Ecballium pollen. Fifteen species were from CSD of which 10 carried Ecballium pollen and 19 species were from PSL of which 13 carried Ecballium pollen. The most commonly collected species was Lasioglossum malachurum (Kirby), followed by the honey bee, Apis mellifera L., and Ceratina cyanea (Kirby). All three were collected from both sites. The majority of foragers identified as pollen foragers by the presence of Ecballium pollen in their scopae or corbiculae are considered polylegs in their foraging behavior. The most unusual visitor was Melitta leporina (Panzer) (Melittidae), a known oligoleg on Fabaceae (Westrich, 1989) . Melitta leporina bees collected both Ecballium pollen and nectar. Also of interest is Pseudapis unidentata (Oliv.) (Halictidae). Our collections are the first for this species in France. Adult and larval coccinellid beetles, Epilachna chrysomelina F., were collected from male flowers and larvae were seen feeding on the pollen and anthers as well as the leaves. Syrphid flies, most likely species of Eristalis, were seen hovering about male flowers.
Forager density
In 1996, the mean foragers per 100 flowers averaged 1.1±2.2 individuals throughout the entire flowering period. The largest number (10) recorded was during the morning hours of 27 July (Fig. 2) . However, this high number of foragers was reduced to zero for the rest of the day by a sudden and prolonged rainstorm. The other sample periods showed lower average number of foragers with July 19 and August 2 showing morning peaks and the other dates with fairly even distribution throughout the day (Fig. 2) .
The most common foragers showed different diel distribution patterns (Fig. 3) . The honey bee, Megachile deceptoria Perez and other Megachile species visited throughout the day, while Nomioides variegatus (Oliv.) and Lasioglossum malachurum and L. discum (Smith) visited during the morning hours and Ceratina cyanea visited flowers later in the day. only 1.0±0.0 s per staminate and pistillate flowers. For the eight species visiting both staminate and pistillate flowers, there was a significant difference in handling time among species (F = 6.9, df = 7, 962, P = 0.001) and between the staminate and pistillate flowers (F = 14.1, df = 1, 962, P = 0.001). The handling time among species and staminatepistillate interaction was also significant (F = 2.3, df = 7, 962, P = 0.03). The overall mean handling time among the eight species on staminate flowers was 5.8±12.1 s and on pistillate flowers 3.7±5.0 s.
Foraging rate
Travel time between Ecballium flowers ranged from 7.4±11.7 seconds for Nomioides to approximately one second for Lasioglossum discum and L. malachurum, L. villosulum, Megachile centuncularis, M. pilidens and Anthophora quadrifasciata (Tab. II). For the eight species visiting both flowers, there was a significant difference among species travel time between staminate flowers (no visitation between two pistillate flowers was observed) (F = 8.2, df = 7, 862, P = 0.001). The was no travel time difference between pistillate and staminate flowers (F = 0.11, df = 1, 862, P = 0.74) or the among species travel time and staminate-pistillate flower interaction (F=0.97, df = 7, 862, P = 0.45). The overall mean travel time between staminate flowers among the eight species was 2.5±3.2 s and from pistillate to staminate flowers was 2.2±4.2 s.
For the ten species of foragers with timed flower visits, only three species showed a significant relationship between handling time and the time of day. Handling time decreased through the day for the honey bee (F = 37.6, df = 1, -505, P < 0.0001; y = 14.9 -25.9x), for Nomioides variegatus (F = 7.7, df = 1, -81, P = 0.007; y = 185 -358x) and for Lasioglossum discum (F = 10.7, df = 1, 205, P = 0.001; y = 52.2 -93.5x). Of the ten species for which we timed visiting Ecballium flowers, two species visited no pistillate flowers and only 2.8% of the total timed flower visits (36 of 1, 276) were to pistillate flowers. Ceratina cucurbitina visited the most pistillate flowers at 13% and Megachile centuncularis, Lasioglossum discum and L. malachurum visited about 6% pistillate flowers (Tab. II). Significantly fewer pistillate flowers were visited both years when compared to the expected average pistillate flowers present in the flower population (c 2 = 31.19, df = 1, P = 0.001).
Nectar utilization by foragers
On 9 August 1996 at PSL, 67 individuals representing 14 species were sampled for nectar and, on 12 August 1996 at CSD, 66 individuals representing seven species were sampled for nectar. Nine individuals carried no measurable nectar from the PSL sample. In addition to the 67 individuals sampled from PSL, no measurable nectar was obtained from any Nomioides variegatus bees sampled. Twentyfour of the CSD bees contained no measurable nectar. Nectar utilization showed the same usage pattern at both sites with most foragers before 08:00 GMT not carrying or collecting Ecballium nectar (Figs. 4 and 5) . All CSD honey bees sampled carried nectar with total dissolved solids well above the maximum recorded in Ecballium staminate flowers. At PSL more than half of the honey bees collected before 08:00 GMT carried nectar higher in total dissolved solids than that produced by Ecballium flowers. The nectar carried by the morning honey bees is most likely honey brought from the hive stores. This pattern changed in the afternoon at PSL with all honey bees collecting and carrying Ecballium nectar (Fig. 5) . Other species of interest in nectar foraging were the large bodied Anthophora quadrifasciata, medium (approximately honey bee size) bodied Lasioglossum discum and smallbodied Ceratina cyanea. Anthophora quadrifasciata and L. discum individuals showed nectar foraging similar to honey bees, but C. cyanea collected Ecballium nectar throughout their foraging day (Fig. 5) .
DISCUSSION
Foragers and pollinators
Ecballium elaterium flowers at both sites attracted a wide diversity of visitors. Most foragers collected both pollen and nectar and are potential pollinators of Ecballium. All of the pollinators are considered polylectic (Westrich, 1989) in their foraging behavior and all showed a strong preference for staminate flowers. However, the presence of Ecballium pollen in the scopa of Melitta leporina, a known oligoleg on Fabaceae (Westrich, 1989 ) is most interesting and suggests that Ecballium flowers provide abundant resources, both pollen and nectar, late in the summer and fall. The late summer resource use is supported by honey bees visitation at the PSL. Honey bees did not appear until August and they were traveling 8 km round trip to obtain nectar and pollen since the only known honey bee hives were located with in the community of PSL. Also, Xylocopa violacea (L.) and Bombus pascuorum (Scop.) were only collected in September at PSL. Both species carried Ecballium pollen. However, it must be pointed out that one of the most common bees observed at PSL, Halictus scabiosae (Rossi), a polylectic species (Westrich, 1989) , was rarely collected (only 8 females) at Ecballium flowers and none carried Ecballium pollen.
Although Ecballium elaterium is listed in Knuth's (1908) Handbook of Flower Pollination as requiring pollination, no visitors were listed. Dukas (1987) studied the foraging behavior of bees on Ecballium in Israel and observed that honey bees showed a preference for male over female Ecballium flowers but Lasioglossum politum (Morawitz) and Ceratina mandibularis Friese visited pistillate flowers with nearly equal frequencies as staminate flowers early in the foraging day and that they spent longer time in pistillate flowers. However, over the course of the day these visitation patterns shifted to less frequent and shorter visits to pistillate flowers. Our studies overlap with only one foraging species, the honey bee, and two genera but with different species. For the honey bee, visitation times to staminate and pistillate flowers in our study were not different, whereas Dukas (1987) found staminate flower visits to be nearly twenty times as long (0.3 to 6.9 seconds). He found a slightly higher pistillate flower visitation percentage than we measured (5% to 1%, respectively), and the percentages of total time per flower gender were approximately the same (99.7% to 99.3%, respectively to male flowers). At the generic level, very different results were observed for the species. For the genus Lasioglossum, L. politum in Israel spent three times more in staminate flowers than the three Lasioglossum species we observed. For Ceratina, C. mandibularis in Israel and C. cucurbitina in France showed similar proportions of staminate flower visit, but C. cyanea in France showed shorter handling time. Fahn and Shimony (2001) reported the presence of Hemiptera (possibly Geocoridae or Anthocoridae) in both staminate and pistillate flowers in Israel with about twice as many in staminate flowers. These insects appeared to feed on nectary and neighboring region tissues. These authors also showed the presence of Ecballium pollen on these insects and suggested that they may transfer pollen from staminate to pistillate flowers. We recorded the coccinellid beetles, Epilachna chrysomelina, from male flowers and larvae were seen feeding on the pollen and anthers as well as the leaves. These beetles are not considered pollinators. We did not record any Hemiptera adults or nymphs visiting or feeding on Ecballium flower tissues at either study site.
Nectar production and forager behavior
Nectar production in Ecballium elaterium shows both site and regional differences. Nectar production in bagged staminate flowers was different between sites in our study and among the French and Israel locations (Dukas, 1987; Fahn and Shimony, 2001) . Bagged staminate flowers in Israel produced 0.9 to 1.0 ml/flower, while in France they produced from 0.3 to 0.6 ml/flower. The time of nectar production was also different between France and Israel. Israel flowers had 0.7 to 3.0 ml/ flower by 0600, while French flowers contained little nectar at that time. The concentration of sugar was regionally different with a higher content in the Israel population (Dukas, 1987) . The absence of nectar production in pistillate Ecballium flowers is known in several other species in the genera Monordica, Lagenaria and Luffa (Bahadur et al., 1986) . Pistillate flowers in other monoecious species of cucurbits usually produce more nectar than staminate flowers (Cucumis melo L. (Fisher and Pomeroy, 1989) , Cucumis sativus L. (Fahn, 1949; Collison and Martin, 1979) , Cucurbita pepo L. (Tepedino, 1981; Couto and Calmona, 1993; Nepi and Pacini, 1993; Nepi et al., 1996) , Curcurbita maxima (Fahn, 1949) and Bryonia dioica (Jacq.) (Rust and Vaissière, unpublished data) ).
The nectar forager data (Figs. 4 and 5) showed that many of the large bodied visitors to Ecballium flowers in the early hours were carrying nectar with sugar concentrations above that being produced in the Ecballium flowers. For the honey bee, early hour visitors were carrying hive honey as flight fuel. But later in the day, flower nectar and forager crop content were similar in sugar concentration. This high sugar concentration of early morning forager crop content may relate to energy demands to fly long distances to collect pollen.
The early flowering staminate flowers of Ecballium present large amounts of pollen. Matinal anthesis with the production of copious amounts of large-size pollen with rich sticky grains is also characteristic of other genera of cucurbits (Bryona, Cucumis, Citrullus, Cucurbita, and Luffa) (Smith, 1977) , but there are also nocturnal flowering genera (Monordica, Trichosanthes) (Skinner and Lovett, 1992; Free, 1993) . Since most staminate flowers of matinal flowering cucurbits, including Ecballium, last only one day (Adlerz, 1966; Skinner and Lovett, 1992) , the pollen reward for foragers is renewed daily. However, Fahn and Shimony (2001) reported that Ecballium flowers stayed open for 4 days on plants produced in a growth chamber.
The daily forager activity patterns (Fig. 3 ) suggests that certain foragers (Nomioides, Lasioglossum) are after both pollen and less concentrated nectar in the morning hours while others either continue to forage throughout the anthesis period (Apis, Megachile) or forage for nectar with higher concentration of sugar and less for pollen in the afternoon (Ceratina). Chen (1996) showed an almost normal distribution for honey bees visiting cantaloupe with a peak at 10:00. Miura (1982) showed a division of pollinators on Japanese pear, Pyrus serotina, with bees in the morning hours and syrphid flies in the late afternoon.
Ecballium nectar volume and sugar concentration were below the averages found for 76 other Mediterranean shrubland species (mean volume 0.76 ml and mean sugar concentration 0.43 g/g) (Petanidou and Smets, 1995) . This information combined with the general observation that in matinal flowering cucurbits, the pistillate flowers produce more nectar and receive more forager visitations (Collison and Martin, 1979; Bahadur et al., 1986; Couto et al., 1990; Delesalle and Buchmann, 1991; Nepi and Pacini, 1993; Chen, 1996; Wolf et al., 1999) suggests that pollinators to Ecballium are after pollen and nectar is a secondary reward. This hypothesis is supported by the absence of male bees in our samples. The increase in nectar sugar concentration later in the day and the utilization of this nectar by the foragers (Figs. 5 and 6) indicates that both pollen and nectar are collectable rewards later in the foraging day. However, flower visitation times were significantly shorter later in the foraging day for three of the 10 timed species and the other seven showed neither an increase nor decrease in flower visitation time. The bees did not respond to the higher sugar nectar reward offered later in the foraging day with increased visitation time.
The relatively sparse visitation to pistillate flowers and the absence of any pistillate flower reward to foragers is deceit pollination with intersexual mimicry within unisexual flowers of Ecballium (Baker, 1967; Dukas, 1987; Delph, 1996; Schemske et al., 1996) . The deceit pollination syndrome is also supported from the forager visitation patterns. We observed that a large number of the pollinators to Ecballium actively chose between staminate and pistillate flowers with pistillate flowers visited less often than their frequency of occurrence in the flower populations. Only Ceratina cucurbitina visitations were approximately proportional to flower distributions (13% to 21%, respectively), but like all 10 timed species, they spent significantly less time in pistillate flowers (3.6 seconds in pistillate to 23.5 in staminate). Deceit pollination by staminate flower mimicry in Ecballium appears to be successful for seed production (Vaissière and Rust, unpublished data) in fruit with a restricted size and seed number due to the explosive dehiscing mechanism of the berry (Tutin et al., 1968) . The Ecballium reproductive system can be tested for staminate and pistillate floral trait selection and the phylogenetic relationships by comparing reproductive success between monoecious and dioecious forms of Ecballium elaterium (Costich, 1995) . Costich (1995) found that when monoecious and dioecious forms were grown in common gardens, dioecious females produced similar numbers of flowers, but more fruits and seeds, than did the monoecious plants, but the seeds were smaller. Dioecious males always produced more flowers than did the monoecious plants. Unfortunately, Costich did not report pollinator activity in the garden plantings. (Fig. 1) , tandis que le site CSD a disparu suite à la fermeture de la décharge. Les fleurs pistillées n'ont pas produit de nectar, alors que les staminées ont produit environ 156 mg de sucre/fleur sur les deux sites. Les 852 insectes récoltés sur les fleurs d'E. elaterium couvraient six familles, 15 genres et 43 espèces d'abeilles (Hymenoptera, Apoidea). Une coccinelle (Coleoptera, Coccinellidae) et un syrphe (Diptera, Syrphidae) étaient également présents. Seuls 21 specimens ont été récoltés sur les fleurs mâles (Tab. I). En 1996 la densité moyenne de butineuses pour 100 fleurs était environ de 1,1 individu au cours de toute la période de floraison (Fig. 2) . Les butineuses les plus communes présentaient des modes de répartition journalière variables (Fig. 3) 
